The complexity of the concept heterochromatin may in part be regarded as a matter of controversial definition. In part the actual phenomena to which this term has been applied are so variable often certainly unrelated that it is impossible to give a simple definition of the term which would comprise even the most important kinds of heterochromatin. Though a very great number of observations concerning the heterochromatin in various organisms has been made over a long period, it is only the work done during the last decade that has created a common basis for the understanding of these phenomena. In addition to the work done on Drosophila we are indebted for this chiefly to two sources: Darlington and his collaborators and Caspersson and his coworkers. These studies have had the important result of bringing to light the decisive role played by nucleic acids in the organization of the chromosomes as well as in the whole cell metabolism.
In addition to the differentiation of the chromosomes into chromomeres and fibrils, which is best seen at pachytene in meiosis and in the salivary gland chromosomes, a number of other regions may be distinguished in the longitudinal structure of the chromosomes. Of these the most important are the primary constriction, where the centromere is situated, and the secondary or SAT-constrictions together with the terminal satellites or trabants.
One category of differing chromosomes or chromosome parts is furnished by the so-called heteropycnotic chromosomes, the term implying a differential condensation, or in other words a differential thymonucleic acid charge and spiralization, of the chromosomes concerned. Heteropycnotic chromosomes may be more or less condensed than the rest of the chromosomes. To both these alternatives the terms positive and negative heteropycnosis have been applied. To use a definition by White (25, p. 68): »A negatively heteropycnotic chromosome is one which thickens more slowly or to a lesser extent than the others during prophase or which undergoes de-condensation more rapidly during anaphase. Conversely, a positively heteropycnotic chromosome is one which thickens faster, earlier or to a greater extent than the rest of the chromosome set, or which remains thickened when the others are undergoing de-condensation at telophase.» To this may be added that the same chromosome or part of it may show negative heteropycnosis at one stage of its cycle and positive at another. Heteropycnosis is characteristic of the sex chromosomes in most animal groups, but other chromosomes too may have this property (cf. White 26 ). An instructive example of heteropycnotic chromosomes and their behaviour is furnished by the order Orthoptera where in some families the sex chromosomes are positively, and in others negatively heteropycnotic (White 25) .
A phenomenon corresponding to heteropycnosis was discovered in plants by Heitz (17) in the sex chromosomes and certain autosomes of the liverworts. He proposed the term heterochromatin for these heteropycnotic chromosome regions as opposed to euchromatin of the main chromosome body. Later Heitz (18, 19) found, in Phanerogams too, chromosomes in which the heterochromatic part remained condensed and visible in the resting stage. Such To study the structure of the interphase nucleus Caspersson has used as a research object the salivary gland chromosomes of Diptera. For he holds the opinion that the salivary gland nuclei are permanent interphases rather than prophases, in which way they have been interpreted earlier. In Fig. 1 we see a salivary gland chromosome represented diagrammatically. The chromomere bands situated in the euchromatic regions contain abundantly thymonucleic acid together with histones and a small amount of higher proteins. In the fibrils thymonucleic acid is wholly lacking and the proteins are of a higher globulin type. Heterochromatic regions have fused and form a chromocentre. They contain histones combined with thymonucleic acid and possibly a small amount of ribose nucleic acid. The nucleolus is chemically related to heterochromatin in that its proteins are histones; in addition a certain amount of higher proteins and ribose nucleic acid have been found to be present.
Metaphase chromosomes which have been studied by Caspersson using chiefly grasshopper chromosomes differ from the interphase chromosomes in that the higher proteins have broken down. Consequently the chromosomes consist of approximately equal amounts of histones and thymonucleic acid. Fig. 2 shows which chemical changes according to Caspersson accompany the different nuclear phases. A metaphase chromosome, the one end of which is heterochromatic, the other euchromatic, is compactly spiralized and contains, as mentioned above, thymonucleic acid and histones. During telophase the spirals uncoil and thymonucleic acid disappears from the euchromatic chromosome parts, whereas a certain amount of it is retained by the heterochromatic parts. During this stage and the following interphase the euchromatic regions produce highly specific proteins of high molecular weight which surround the genes. During these phases heterochromatic parts again produce histones of which a part forms the nucleolus. During prophase the process is reversed in that the higher proteins and the nucleolus break down and the chromosomes are recharged with thymonucleic acid. At the same time the chromosomes spiralize into compact metaphase chromosomes. We may summarize the abovesaid as follows. The cycle of thymonu- cleic acid is co-ordinated with the nuclear cycle in that the acid is synthesized during prophase; in metaphase its amount is highest, and during telophase the acid breaks down until it is almost completely absent in the resting nuclei. The protein content seems to vary inversely with thymonucleic acid, being greatest in the resting nuclei and smallest at metaphase.
It is not known for certain which compounds in the cell constitute the material for the nucleic acid synthesis. The old hypothesis that the nucleolus would be a source of reserve material, which is used for the building up of »chromatin» at prophase, has been revived by Caspersson (3) . According to him the histones would be most likely to form the material for nucleic acid synthesis, since their hexone bases, i.e. the amino acids containing six carbon atoms, would be best suited to form the pyrimidines characteristic of nucleic acid. This view is born out also by the fact that the histone-rich nucleoli disappear just when the thymonucleic acid is built up, to reappear again when it is broken down.
Investigations carried out on different organisms and tissues have made evident the decisive role played by nucleic acids in the metabolism of all cells. Nucleic acids seem to be specifically concerned with protein synthesis, thymonucleic acid being connected with the production of the highly specific gene proteins and ribose nucleic acids with the less differentiated proteins of the other cell constituents.
Caspersson and his coworkers have been able to show that always when protein synthesis takes place nucleic acids are also present. It has been mentioned above that thymonucleic acid is localized on the gene-carrying parts of the chromosomes, whereas ribose nucleic acids are an important constituent in plasm, plastids, bacteriophages and many viruses. In addition it has been observed that the more intensive the growth of a tissue or a cell is the higher is its nucleic acid content. They have been found to occur especially abundantly in egg cells, in growth tissues of plants, in embryonic tissues of animals, and in dividing yeast.
Caspersson's views on the protein metabolism of the cell are shown diagrammatically in Fig. 2 . As was mentioned, heterochromatin produces large amounts of histones during telophase and interphase, of which a part forms the nucleolus.
From the heterochromatin and the nucleolus the histones wander towards the nuclear membrane, where they induce a synthesis of ribose nucleic acids in the sur- (10) in the somatic chromosomes of Paris. When the plants were kept for a few days before fixation in a temperature approaching the freezing point, certain parts of the chromosomes appeared as thinner and less stained differential segments. This depended apparently on the fact that they contained in metaphase and anaphase less thymonucleic acid than other chromosome regions (Fig. 3) . Similar heterochromatic segments made visible with cold treatment have later been observed in Trillium and Fritillaria (Darlington and La Cour 11) , in Adoxa (Geitler 15) and in Triton (Callan 1) for instance. In the resting nuclei these segments which at other stages are less stained, form condensed and intensively stained chromocentres.
At anaphase the heterochromatic segments in the daughter chromatids do not separate clean as other chromosome parts, but remain attached forming long bridges at telophase. Darlington and La Cour (11) explain that this depends on the fact that thymonucleic acid is necessary for the proper reproduction of the chromosomes, and since the heterochromatic segments are undercharged with nucleic acid, their normal division and consequently their separation are prevented.
The work on the structure and behaviour of heterochromatin has been continued by Darlington and La Cour (12) in their ingenious study of the effects of x-rays on the chromosomes. These studies have brought to light an important factor influencing chromosome behaviour, viz. the polymerization of nucleic acid. X-rays seem to increase the nucleic acid content of the cell, but at the same time they upset their regular polymerization, which is a necessary condition for normal chromosome structure and behaviour. The unpolymerized nucleic acid makes the chromosome surface fluid, which in turn renders the chromosomes sticky and finally induces them to fuse into a pycnotic mass. Further, the breakage and reunion of chromosomes, when treated with x-rays, seem to be dependant on their thymonucleic acid charge. The chromosomes are not breakable at prophase or metaphase, being then charged with thymonucleic acid. The same is true of the charged heterochromatic segments at resting stage. The fusability of the chromosomes again seems to act in inverse relation to their breakability, the most heavily charged chromosome parts fusing most readily.
There have been different opinions concerning the interrelation between spiralization and thymonucleic acid charge of a chromosome. It seems, however, evident that the former is, to a certain extent, a function of the latter. It may be stated in general that when the thymonucleic acid charge of the chromosomes is at its height the spiralization is also most compact. This is the case both in regard to the different stages of the normal cycle and in the positively heteropycnotic chromosomes during the resting stage. Conversely, it has been observed that when the chromosomes are undercharged as in the negative heterochromites spiralization is weaker also. In extreme cases such chromosome regions may even remain completely unspiralized (cf. Callan 1) .
In addition to cold treatment other circumstances too may give rise to thymonucleic acid deficiency in the cell, thus rendering heterochromatin visible as more faintly stained segments. Starving has been found to have an effect of this kind in certain animals. Thus for instance Wickbom (27) observed heterochromatic chromosome segments in Triton individuals which had been kept without food from May to July. The same phenomenon has been observed in Mecostethus as well as in the golden hamster, in the latter old age too resulting in a nucleic acid starvation of the heterochromatic segments. Evidently in these cases thymonucleic acid synthesis is already blocked at an early stage through lack of material. The neighbouring cells in the same tissue must compete for the small amount of thymonucleic acid available, which results in the differential behaviour of heterochromatic segments even in adjacent cells (Koller 21) .
Cold treatment in its turn slows down all the metabolic activities of the cell, thus preventing the conversion of ribose nucleic acid into thymonucleic acid. X-rays seem not to decrease the nucleic acid content of the cell, but on the contrary to increase it. Instead they prevent their regular polymerization, as described above. The excess of nucleic acid is carried away from the cell at higher temperatures, whereas low temperatures greatly slow down this process (Darlington and La Cour 12 (6) therefore represent the view that the origin of the malignity of the tumour cells is to be sought in an abnormal increase of heterochromatin in one or a few cells, which causes disturbances in the growth and metabolism of the cells concerned. In the following cell generations the disturbances accumulate, resulting finally in the formation of a typical malignant tumour. This explanation would also agree with the fact that the malignity of tumours has been observed to increase gradually.
If we try to summarize the data described above we may say that heterochromatin in the genetical sense comprises all the chromosome parts which earlier were regarded as inert, but which now are thought to contain polygenes. From the chemical and physiological viewpoint those chromosome parts are heterochromatic which during telophase and interphase contain and produce histones, thus controlling the nucleic acid and protein metabolism of the cell. From a purely cytological and morphological point of view heterochromatin seems to be most difficult to define. 
